At present there is experimental and clinical evidence to support the view that alteration in alveolar oxygen tension has a direct effect on pulmonary circulation. Animal experimentation (1) (2) (3) (4) and hemodynamic studies in human subjects (5) (6) (7) (8) indicate that pulmonary vascular resistance increases and blood flow is thereby reduced in hypoxic areas of the lung. This is apparently a mechanism by which the body decreases perfusion of poorly ventilated lung and thus maintains efficient respiration.
The effect of changes in alveolar carbon dioxide tension on pulmonary hemodynamics is less well understood. Von Euler and Liljestrand (1) showed in cats that pulmonary hypertension ensued when the concentration of carbon dioxide in the inspired air was increased to 6.5 per cent. Variable responses of the pulmonary vascular dynamics have been reported by Nisell (9, 10) , who studied the effect of carbon dioxide on the isolated cat lung. Stroud and Rahn ( 11 ) reported that pulmonary vascular resistance did not change when animals were ventilated with mixtures containing 5 per cent carbon dioxide. Weil, Salisbury and State (12) , in an open chest dog preparation, observed that carbon dioxide can cause pulmonary vasomotion. Borst, Whittenberger, Berglund and McGregor (13) , using dogs, found a redistribution of blood away from the lung ventilated with 5 per cent carbon dioxide and air mixture and concluded that local vasoconstriction occurred. In 20 patients with congenital heart disease, Shep- hard (14) found that 5 per cent carbon dioxide given during catheterization produced moderate but consistent degrees of pulmonary hypertension.
t Research Fellow of the American Heart Association, 1958-1959. This was attributed to an increase of the total pulmonary vascular resistance as well as to a moderate increase in cardiac output and possibly also to an elevation of the pressure gradient across the lungs.
On the other hand, Peters (15) With the resumption of air breathing, alveolar and venous carbon dioxide tension, pulmonary artery pressure, and pulmonary vascular resistance returned toward control values.
In four animals, carbon dioxide was subsequently administered to the remaining parts of the lungs (Table I) . This produced a marked elevation of the carbon dioxide tension in the systemic blood (pCO2 up to 82 mm Hg) and therefore in the blood perfusing the artery and vein of the left lower lobe, as well as in the alveoli of the same lobe. However, no significant change of the cal- 
DISCUSSION
In the isolated lung lobe used for these studies, all the factors capable of producing circulatory changes, such as blood flow, airway resistance, and left heart hemodynamics, were controlled. Therefore, variations in the calculated pulmonary vascular resistance were taken as expression of pulmonary vasomotor activity. Moreover, in the technique of isolating the lobe, most of its nervous supply was resected and the hemodynamic alterations observed were interpreted as reflecting a local rather than a central response to change in alveolar gas tensions. The data presented indicate that the partial pressure of carbon dioxide, as well as of oxygen, at the level of the alveolus has a role in regulating the alveolar perfusion.
Simultaneous changes of either carbon dioxide or oxygen tension in the pulmonary artery and in the pulmonary vein of the isolated lobe had no effect on local hemodynamics. On the other hand, an increase in alveolar and venous pCO2, whereby the gradient for pCO2 between the blood reaching the alveolus and the blood leaving the alveolus is lowered, produces a local elevation of the calculated pulmonary vascular resistance. This is exemplified by the schematic drawing shown in Figure 6 . The sections on the right in each of the three drawings indicate the explored pulmonary segment, namely the left lower lobe. Drawing 1 represents the baseline situation when the pulmonary arteriovenous gradient in the explored lobe for one of the respiratory gases, in this case carbon dioxide, is 11 mm Hg. After administration of carbon dioxide to the left lower lobe, the gradient decreases to 1 mm Hg, and local vascular constriction ensues (Drawing 2). After administration of carbon dioxide to the remaining lobes of the lungs, the pCO, in the perfusing blood increases markedly, but the gradient remains wide and no vasomotor response is detected (Drawing 3).
Apparently a decrease in gradient of carbon dioxide or oxygen tension across the alveolus is capable of regulating local resistance and pressure levels. (7), Rahn and Bahnson (20) , Hiirlimann and Wiggers (21) , and Stroud and Conn (22) . It has also been proposed that the vasomotor activity of the alveolar capillaries could be responsible for the hemodynamic changes that follow alterations in alveolar oxygen tension (4) . Finally, there is suggestive evidence that the pulmonary veins may play an important role in this vasomotor reaction (10, 23 (24) for direct visualization of small pulmonary vessels, the problem of identifying the vascular segment responsible for the increase in resistance to blood flow through hypoxic and hypercapnic areas of the lung is being investigated in our laboratory. Preliminary observations on dogs indicate that, when the animals are ventilated with high concentrations of carbon dioxide, a measurable decrease in diameter occurs (mean decreases ranged from 4 to 21 per cent) at the level of the pulmonary arterioles (100 to 200 ,u), which return to their previous size when air breathing is resumed (25) .
From our experiments the possible role, if any, played by the vascular anastomotic systems within the lungs (bronchial artery-pulmonary artery; pulmonary artery-pulmonary vein; pulmonary veinbronchopulmonary vein) in producing pulmonary hemodynamic alterations, cannot be ascertained.
No correlation has been found between variations in the pulmonary arterial and venous blood pH, as measured directly, and pulmonary dynamic changes. Therefore, it can be stated that the pH changes, whenever they occur, are not of primary importance in regulating the vascuilar responsiveness.
Investigations by other workers, and observations made by us as a corollary study to the carbon dioxide experiments, have shown that a decrease in alveolar oxygen tension results in elevation of the pulmonary vascular resistance. It would appear that whenever oxygen uptake across the alveolus is for any reason decreased, a local increase in the resistance to flow of blood enstues. The restults of the present study indicate that a similar phenomenon may occur when alveolar function is impaired and there is alveolar carbon dioxide retention with consequent decrease in the local arteriovenous pCO2 gradient. It is suggested that under these circumstances, arteriolar vasoconstriction takes place in the attempt to divert blood to well ventilated segments of the lungs. Moreover, it is also possible that when rapid carbon dioxide retention occurs in large areas of the lungs, as in acute and diffuse pulmonary diseases, widespread increased resistance to flow may be significant in producing pulmonary hypertension and right-sided failure, along with factors suich as hypoxia and increased cardiac output.
SUMMARY
The effect of alveolar and blood carbon dioxide tension changes on the pulmonary vascular dynamics has been studied in 12 dogs, using the left lower lobe isolated and mechanically ventilated and perfused. Corollary observations have also been made for alveolar and blood oxygen tension changes. Increase in alveolar and pulmonary venous carbon dioxide tension, whereby the pCO.. gradient between pulmonary arterial and pulmonary venous blood was lowered, resulted in a local elevation of pulmonary vascular resistance, probably from pulmonary arteriolar constriction. No significant hemodynamic variation occurred with high or low carbon dioxide tensions in the pulmonary artery, vein, or alveoli of the explore(d lung segment as long as a large pulmonary arteriovenous gradient for pCO2 was maintained.
Decrease in alveolar and pulmonary venous oxygen tension, whereby the oxygen tension gradient between pulmonary arterial and venous blood was lowered, resulted also in local elevation of pulmonary vascular resistance. Perfusion of the isolated lobe with hypoxic blood produced no change in local pulmonary vascular resistance.
It is postulated that a local homeostatic mechanism exists, probably similar to the one described for oxygen, which can divert blood from poorly ventilated alveoli that retain carbon dioxide to adequately ventilated segments of the lutng.
